We evaluated the immunological potential of adenoidal lymphocytes from children with recurrent otitis media. Interleukin-4 release and CD69 expression were lower in adenoidal lymphocytes than in peripheral blood lymphocytes (PBL). Our results suggest that there may be a difference between the immunological potential of adenoidal lymphocytes and that of PBL in children with otitis.
Pathogens of otitis media originate from the adenoid (11) , and colonization of the pathogens is facilitated in the adenoids of children with otitis (5, 6, 10) . However, the underlying mechanism which facilitates the adenoidal colonization still requires clarification. Because the anti-infective local immune response may be associated with prevention of colonization, some studies on the immunological character of the adenoids have been conducted. In the adenoids of children with otitis, immunoglobulin A (IgA)-positive cells show a significant decrease (8) . Adenoidal lymphocytes from children with otitis fail to recognize a specific immunogen of pathogen (9) , produce lower IgG and IgA than those from children without otitis media (7) and produce significantly less T helper type 1 (Th1) cytokines than peripheral blood lymphocytes (PBL) (2, 3) . However, as far as we know, only a limited number of studies, as mentioned above, concerning the immunological character of the adenoid from children with otitis are available. In the present study, to investigate the immunological potential of the adenoid from children with otitis, the release of Th1/Th2 cytokines, and the expression of CD69, one of the cell activation markers, were evaluated in adenoidal lymphocytes, compared with PBL, from children with otitis.
Adenoid tissues and peripheral blood were obtained from 24 children (15 boys and 9 girls; median age, 4.5 years [range, 2 to 10 years]) undergoing adenoidectomies for treatment of recurrent otitis media. None of the children had any medical history of immunodeficiency. Informed consent was obtained from the parents of all children. Mononuclear cells were separated and resuspended in RPMI 1640 medium (Whittaker M.A. Bioproducts, Walkersville, MD) at a concentration of 2.5 ϫ 10 6 cells/ml.
To stimulate lymphocytes, a formalin-fixed Staphylococcus aureus Cowan I strain (Sigma, St. Louis, Mo.) or a combination of phorbol 12-myristate 13-acetate (PMA) (Sigma) and ionomycin (Calbiochem, La Jolla, CA) was used. With S. aureus strain Cowan I, lymphocytes were incubated at a bacterium/ lymphocyte ratio of 2:1. PMA and ionomycin were used for stimulation at final concentrations of 32 nM and 2 M, respectively. As a negative control, incubation with medium alone was performed. Assays for cytokines in the culture supernatants were performed by using commercially available enzymelinked immunosorbent assay kits. For flow cytometry analysis, lymphocytes were stained with fluorescent-conjugated monoclonal antibodies (MAbs). Then, two-or three-color dot plots were performed on a FACScan flow cytometer and CellQuest software (Becton Dickinson). Cells were analyzed in duplicate for each assay. Firstly, we evaluated the levels of gamma interferon (IFN) and interleukin-2 (IL-2) as Th1 cytokines and also evaluated the level of IL-4 as a Th2 cytokine. As shown in Fig. 1A , gamma IFN release was significantly increased after stimulation with PMA and ionomycin in PBL as well as in adenoidal lymphocytes. Although the significance in adenoidal lymphocytes was lower than that in PBL, the difference between adenoidal lymphocytes and PBL was not significant. After the lymphocytes were stimulated with S. aureus strain Cowan I, gamma IFN release was significantly enhanced in PBL but not in adenoidal lymphocytes. However, the difference between adenoidal lymphocytes and PBL was not significant (Fig. 1A) . IL-2 release was significantly increased after stimulation with PMA and ionomycin, but not with S. aureus Cowan I, in PBL as well as in adenoidal lymphocytes (Fig. 1B) . And there was no difference in the amount of IL-2 release between adenoidal lymphocytes and PBL. IL-4 release was significantly increased after stimulation with PMA and ionomycin, in PBL as well as in adenoidal lymphocytes (Fig. 1C) . However, the difference in the amount of IL-4 release between adenoidal lymphocytes and PBL was statistically significant.
We next investigated the activation potential of lymphocytes by analyzing CD69 expression. As shown in Fig. 2 , CD69 expression of T cells was enhanced in PBL but not in adenoidal lymphocytes (Fig. 2) . When the results were expressed as stimulation indices, the difference between PBL and adenoidal lymphocytes was significant (Fig. 3A) . In contrast, CD69 levels of expression of CD3 Ϫ cells after stimulation of adenoidal lymphocytes and PBL were similar (Fig. 2) . Because most CD3
Ϫ cells consist of B cells, we also investigated CD69 expression of CD19 ϩ cells (B cells). As shown in Fig. 3B , no difference was found between PBL and adenoidal lymphocytes.
Then, CD69 expression on each subset of T cells was investigated. CD69 expression of CD4 ϩ T cells was enhanced in PBL but not in adenoidal lymphocytes (Fig. 4) . And the difference between PBL and adenoidal lymphocytes was significant (Fig. 5A) . Similarly, CD69 expression of CD4 Ϫ T cells was enhanced in PBL, while it was not so enhanced in adenoidal lymphocytes (Fig. 4) . Because most CD4
Ϫ T cells consist of CD8 ϩ T cells, we investigated CD69 expression of CD8 ϩ T cells. As shown in Fig. 5B , the difference between the CD69 expression levels of CD8 ϩ T cells of PBL and adenoidal lymphocytes was also significant.
In the present study, we investigated cytokine release from PBL and adenoidal lymphocytes of children with otitis. As far as we know, with the exception of this study, only two studies on the difference between cytokine release of adenoidal lymphocytes of children with otitis and that of PBL of children with otitis exist, both by Bernstein et al. (2, 3) . Their studies showed that adenoidal lymphocytes had a lower potential to produce Th1 cytokines than PBL, whereas adenoidal lymphocytes produced Th2 cytokines in amounts equal to those of PBL (2, 3) . Conversely, in this study, adenoidal lymphocytes could generate Th1 cytokines, but not Th2 cytokines, equally as well as PBL. This inconsistency may be due to a difference in the ratios of atopic patients between their studies and ours, because adenoidal lymphocytes of atopic children show an increased proportion of IL-4-positive CD4 ϩ T cells (1) . While there were no atopic children in our study, 7 of 22 children (2) and 4 of 12 children (3) were atopic in the studies of Bernstein et al. These atopic patients might have caused a bias in the results of their studies. More additional study is necessary to resolve this hypothesis. However, because IL-4 is associated with the production of immunoglobulin (13), our result of low IL-4 production in adenoidal lymphocytes is consistent with studies showing low immunoglobulin production in adenoidal lymphocytes of children with otitis (7-9).
We next investigated the difference in the activation potential between adenoidal lymphocytes and PBL by analyzing In summary, we showed that adenoidal lymphocytes produced less IL-4 and expressed the CD69 activation antigen in smaller quantities than PBL. Our results suggest that there may be a difference between the immunological potential of 
